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P ABSTRACT

The benavior of 24~hr height tendencies at the 500-mb level is studied
for the fall of 1951, Several possible methode for deterzining the tendenoy
pattern for the next day are tested quantitatively., The normal behavior .f
the centers is speocified and some remarks inoluvied on unusual developments.
Finally, extrapolation along the lcng-wave pattern is suggested as an

‘aproved teohnique for predicting the movsment of the individaul height-
nange oenters,

INTRODUCTION Vurious metreorologioal auth.rs have mentioned the use of
Z{-hr helght-tendenoy patterns at the 500-nv level in their method of pre-
paring surface and upper-level prognostic charts. Although there are these
evidenoces of widespread use of these patterns, little has been published

in English ooncermi:g their behavior,

The foreoasting prooedure outlined by Riehi (1) im his Foreotst&;i
in Middle Latitudes is based on the hypothesis that the flow at s level

in the mid-troposphere can be treated az the sum of two wave trains, the
long snd short waves. These short waves frequently soincide witk 600-md,
24-hr, tendency oenters; the isallobaris fall oenter with the short-wave
trough and the isallobario rise oenter with the short-wave ridge.

A. Nyberg (2) has reported sucooss in moving the teandenoy oenters with
50 per oent of the 500-mb wind in the ocenter. This view is also given some
support by Nemias (3) in his study of the seascnal variation of the »nal wind,
A similar study by Mansueto (4) .at 700 millibars showed a somewhat lower oorrelation.

The purpose of this study is to test the hypotheses whioh have been -
prosented and to attempt to formulate a set ¢f principles to be followed in
determining a prognostic-teudenoy pattern for a 24-hr perioed,

METHOD The diurnel veriatior in height of the 5CO-mb surfeoce 48 not
precisely known, EHubert (6) has found thut the half poriod of ‘he varia-
tion ol height of the 500-mb lsvsl over Columbia, Missouri averages 1.7 days.
From these oonsiderations, it is indicated t.at twenty-four hours is a good
skoise of tendenoy interval, siroes it eliminates any ¢iwrnal effeot and is
sherter than giwcst all hall periods of the tendenoy.

Hamispherio~tendenoy charts were prepared daily during the fall of 1v61,
neirs - na graphioal subtraoticn method on sarefully szalyred oharts drawn
with a 200~-ft ocontour interwal.



The individual centers were tracked from dey-to-day. The direction and speed

of moverment as taken from the straight line conmnecting 24~hr positions,

the wind in the center, and the shape and intensity of esch center was tabulated.
& total of BB centers were considered. 52 for the period 7-18 QOotobsr and

36 from 30 Octcber to 20 November.

Tables and graphs were prepared showing the movement of the centers, the relation
between average wind in the center and movement, A vector average of the wind

ir the center at thse beginning and end of the 24-hr peariod was used as the
average wind in the center. This assumption is convenient and somewhat more
representative than a simple arithmetic average of directions and speads.

STATISTICAL RESULTS A check was initially made tc dsiszaoins how valicd the
as3umption that centers of rise and fall could be tracked a% 5J0 millibars.
Although few oases were foumd in whioch all centers were conserved from one day
t2> the next, & very great majority were, Howrnver, changes in intensity were
the rule. Sixty percent of 35 centers in this cheock were tracked from the
coint of their appear ance until they entered Asia. In some cases this wus
over 100° of longitude.

The first approximation tested was trat the tendency centerz cmlld be
1oved & fixed distance., If the expected error weire sufficiently small, this
might represent a useable prognostic technique, In the period 7-18 October,
the movement of rise and fall centers was tabulated from charts in the
area 16C°W esastward tc O0°E. The distribution of 24~-hr movement is as foliowss

TABLE I

Kovement in nsuticel miles 260 360 450 550 650 760 850 950
Percent in this cleass 7 13 15 23 19 13 7 4

The average movement is 560 nautical miles. The probabls srror in using this
as an sstimate, would be nearly £ 20C nautical miles.

From this data, it is obvicus that all tendency centers cannot bu moved
with & oconstant displecement. The methed would occasionally result in a
satisfaectory prognosis, but certeinly not very often,

Next, an extensive check was made of the hypothesis that the tendency
ocent >rs8 move with some fraoctien of the wind in the center. The hypothesis
of iy erg (supported by Namias), of ths tendency centers moving with a fixed
percentags of the wind in the centsr, is untenable, The average wind speed
in the isallobaric centers increased from 36 knots for the period 30 October=-
20 November, whil= the average displacement of the centers wss 23 knots for
the first psriod and only 21.5 knots for tne second,

Indead, the distributiom ei’ wind speed vs, displacemcnt is nearly random,

The direction of movement came cut somewhat better, with a probable error of
20° from the direotion of the mean wind in the center, Combined, the

expaoted vector error would Us abouult 200 nauticadl mileése This is epproximataly
the same as the errcr if all centers were moved 660 miles, From these
consiaerations, it 18 cbvious that the normal behavior of H00-mb, height~-
change centers is poorly correlatsed with the ronal wind or the 600-mb wind in
the center. If this behavicr ia to be predicted, other considereations muat bde
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used., Unfortunately, the late time at which this conolusion was reached and
the smelil reliadle sample of data available, precluced vhe juantitative test-
ing of some of tis observations that follow here. However, they are set

2own &¢ an indicatlon of lines of future investigation ana -ith the bellef
trat thece tendency centers will eveantually be ssloulated or otherwise
tredicted in ¢ noarly & ocorrect fashimm es tc¢ produce a 500-mb, 24-hr,
progrostic chart whish can te used wi th oonfidence in the preparation of a
surfase foreocast,

NORMAL BEHAVIOR OF B500-MILLIBAR Y 24-HOUR PA{TERNS

The neight of any isobaric surface iu ‘he atmosphers is a funocticn of
everts that mav take place well above and below that surface. Thus, there is
ne phyzios]l reascn evident why thae winds cn the 500-mb surface should correlate
well with the movement of the height change centers on this surface. Of
souree, if suoch & good correleaiivn were discovered, it should be used,
rezardlese of the thecretical cemnotations.

The intensity of the chang: oenters is greutast in winter and least
in summer, The normal shape dc¥3 not ohangs. Centers are generally elongated
meridionally with the N - S axs normally 2 -~ 4 timos the BE - W axis, Any
oelongation B - W is abnormal. Tre center ‘ntensity varies direotly in
proportian to the geographical size in general snd the gradiert is normally
constant on all sices and froa the 400-ft isallobar to the tendensy ocenter,

Thne future movement of centers may best be esiimated by extrapolation
of movements, keeping in mind the fast that the paths of the centers tend
to trace out the long-wave pattern. In the November sample of data, the
comparison of direztion of actual movement against the direotim of the
mean wind in the center shows eighteen oases of left deflection; while
only six ceses show right deflections, Most of tkese movements were
tabulated over Eastorn United States with a mean position of the long-wave
trough in Western United States. The October sanp.o shows rendom directimel
variatim, This sample was for centers located from 150°W and 0° without
any partiocuiar locaution in t¥ ' long=-wuve pattern.

24-hr tendenoy ocenters geasrally mark positions of short-wave troughs
and ridges., Some patterns ocoasionally gnow marked deviation from this rule,
sspecially when long waves are markedly progressive. In this case, az was
observed October 10-11, the tendency ce.ilers arc near the infleoticn point of
the compnsite wave pattern,

The short-wave nunber averaged 8 for the hemisrhere during the periocd 7
Octoler tc¢ 10 December 195l1s The smallest short-wave number was 6 and the longest
10 1/2. This count was fur the major short-wave train,

In stage N2 of the index cynle, the shori-wave numbsr tends to be high,
Tre centers are large geog..phioally and intense. Their shape ahows merked
N-8 elongation and their movement is slower than normal. Only one train of
tondency centers i3 ~-wsgent,

Zxtrapolaticz alang t*e long-wave pattern offers the best method of
moving-iendenoy cencers, Change in intensity is anotner problem. The
intersifiocation of short-vive trcughs approaching long-wave traughs is
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ovservuble. Howsver, this intensification need not necessarily be acoomplisned

by @« numoriece’ “-crease in the 500-mb tendenoy fall. An irtensificsticn of the
bounding ridgea cam accomplish the same result. This extrapolation is thersfore

f somewhat iumaequate in dirmoticn and speed, anc markedly so in change of intensity.
Certain departures from normal extrapolative tehavicer are inoluded below,
of trhese observations ary drawn from a rather small sample of data,

8ome

ABNORMAL BEHAVIOR OF TENDENCY CENTERS In 16 instances, s tendenoy center was
cbserved to be orlented hast - Weste In nine of these cases, the center did not
follow the extrapoluted motion for the nexw Z4 hours. 8plitting of the ocemter,

sl ow movement of the westward porticn, and movement at right angles to the wind
flowwre observad.
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Wher the upper-fall center is associated with a deepening - surface low, it
will deviate from its previous path toward the low and will inorease in irtsensity.

— r— .,

When energy impulses are pr esent which move with the group wvelooity,
audden inoreases in intensity of centers are ocommon., Severel such impulses

were tracked for & large part of the hemisphere,

When instability is present in & ridge due to a ocurvature in excess of the
meximum, & rew rise center should appear to the left of the ourrsnt downstresm
and & new fall center to the right of the ocurrent still further downstresm. This
effeot was noted in two cases, although in the second wase, the new fali ocenter
was indistinet being in the area of another fall, '

When the number of tendenoy oenters insreases, they tend %o slow down and
vice versa, This wes observed from a limited sample also.
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CONCLUS ION

— o pe smmn

It 18 believed that 500=mb height tendencies are a waluable tool in weather :
prognostication, because they represcnt the effeot on the pressure field of !
the eve:nts oocurring in the upper troposphere, Extra-polation of the eenters
using the principles set down here will result in a pattern from which the i
saquence of subsequent surface events ccn be deduced, This 500-mb prognosis will . :
be imperfeet however, for although the path of these centers can bs extrapolated '
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'
; fairly well using qualitatively the othar oconsidaraticuns, the changes in intensity :
! remain a ocomplex problam, With possible effeots moving dowrstream with the
i group velocity and upstresm nearly instantaneously, it is obvious that e
3- ' complets soiution to thie oroblem o@ never came from a statistiocal approach to
¥ the centers at the 500-md level,
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